IMPACT ASSESSMENT OF FLAME RETARDANTS IN EUROPEAN RIVER BASIN by GIULIVO, MONICA
  
 
 
 
 
 
 
 
 
 
 
Scuola di Dottorato per il Sistema Agro-alimentare 
 
Doctoral School on the Agro-Food System 
 
 
cycle XXIX 
 
 
S.S.D: AGR/13  
 
 
 
Impact assessment of flame retardants in European river basins 
 
 
 
 
Coordinator: Ch.mo Prof. Marco Trevisan  
 
 
______________________________________ 
 
 
 
Candidate: Monica Giulivo  
          Matriculation n.: 4212110  
 
Tutors: Prof. Ettore Capri 
Co-Tutor: Dott.sa Ethel Eljarrat 
 
 
 
Academic Year 2015/2016 
  
 
 
CONTENTS 
 
Abbreviation index           I 
Index of figures and tables           VI 
GENERAL INTRODUCTION         1 
Reasons and objectives            3 
Structure of the thesis           5 
CHAPTER 1: INTRODUCTION TO FLAME RETARDANTS     7 
1.1 Flame retardants           9 
1.2 Halogenated flame retardants         10 
1.2.1. PBDEs           10 
1.2.2 Emerging BFRs          11 
1.2.3 Halogenated norbornenes         13 
1.3 Organophosphorus flame retardants         15 
1.4 Physico-chemical properties of FRs        17 
1.5 Flame retardants as emerging POP         20 
1.5.1 Persistence          20 
1.5.2 Biaccumulation          21 
1.5.3 Biomagnification          23 
1.5.4 Long-range transport         25 
1.5.5 Toxicity and endocrine disrupting activity of flame retardants    25 
1.6 Legislation            28 
Scientific publication #1: 
Human exposure to endocrine disrupting compounds: Their role in reproductive systems, metabolic 
syndrome and breast cancer. A review.         33 
CHAPTER 2: ANALYTICAL METHODS FOR HFRs AND OPFRs DETERMINATION  49 
2.1 Introduction            51 
2.2 Analytical meyhods for HFRs         52 
2.2.1 Review of analytical methods used for HFRs       52 
2.2.2 HFRs determination in sediment and biota samples     55 
2.2.3 Use of QuEChERS for the determination of HFRs in biota samples    57 
2.3 Analytical methods for OPFRs          58 
2.3.1 Review of analytical methods used for OPFRs       58 
2.3.2 OPFRs determination in sediment and biota samples     63 
  
Scientific publication #2: 
Analysis of organophosphorus flame retardants in environmental and biotic matrices using on-line 
turbulent flow chromatography-liquid chromatography-tandem mass spectrometry   65 
CHAPTER 3: OCCURRENCE IN THE AQUATIC ECOSYSTEM    75 
3.1 Introduction            77 
3.2 FRs occurrence in the aquatic ecosystem        77 
3.2.1 Occurrence in Sediment         77 
3.2.2 Occurrence in biota          80 
3.3 Analysis of FRs in river sediment and biota samples, within the GLOBAQUA Project   83 
Scientific publication #3: 
Occurrence of halogenated and organophosphate flame retardants in sediment and fish samples from 
three European river basins          85 
CHAPTER 4: ECOLOGICAL AND HUMAN EXPOSURE ASSESSMENT TO PBDEs IN 
ADIGE RIVER           
 97 
4.1 Introduction            99 
4.2 Methods            100 
4.2.1 Selection of the study area          100 
4.3 Modelled substances           101 
4.4 Selected MERLIN-Expo models and exposure scenario development    101 
4.5 Inputs to models           104 
4.6 Results and discussion          110 
4.6.1 Ecological exposure assessment        110 
4.6.2 Human exposure assessment        113 
4.7 Conclusions             117 
CHAPTER 5: CONCLUSIONS AND FUTURE WORKS       119 
5.1 General conclusions           121 
5.2 Research gaps and future perspectives        123 
 
References            127 
 
 
 
 
 
 
